Abstract Semi-intensive technologies are a middle term between intensive ones (e.g., activated sludge with a retention time of hours) and extensive ones (e.g., stabilization ponds with a retention time of several weeks). The most common semi-intensive configuration used in Israel is made of anaerobic ponds followed by aerated lagoons. These small low-energy units remove about 75-80% of the BOD and are followed by wastewater reservoirs for storage and complementary treatment. The reduction in loading allows a flexible operation of the reservoirs for the removal of other pollutants, while providing storage capacity to cope with the changes in water demand for irrigation during the year. In schemes for wastewater reuse in irrigation, this lay-out has proved to be low-cost, low-energy, flexible, reliable and efficient. Variations of this basic configuration are the use of UASB reactors instead of anaerobic ponds, aerated lagoons in series or low-rate trickling filters instead of aerated lagoons, constructed wetlands or rock-filters for algae removal, etc. Semiintensive technologies use less energy than intensive ones, and less land than extensive ones. They can remove as much BOD as intensive ones, and as much pathogens and refractory pollutants as extensive ones. They release no or very small amounts of sludge.
Introduction
Israel has practiced irrigation with treated wastewater for decades. The earliest treatment systems were based on simple 1.5 m deep waste stabilization ponds, but soon new configurations were developed following two acting forces (Shelef et al., 1987) : 1. The need to increase storage capacity to provide the operational flexibility required by irrigation (winter storage for summer irrigation). 2. The need to increase treatment efficiency to reduce the huge size of simple stabilization ponds, due to land cost, water losses and salinization of effluents by evaporation.
Effluents of better quality were also required as many farmers switched from cotton and other industrial crops to edible ones. The need to increase storage capacity led to the massive use of wastewater storage reservoirs. The need to increase treatment efficiency led to the use of more intensive systems (e.g., recycling ponds, aerated lagoons, activated sludge, etc.) and to a change in the role of wastewater reservoirs from storage units to storage+treament units (Juanico and Dor, 1999; Juanico, in press) .
A further intensification of the reuse schemes may include the use of the treated effluents for river recovery (Juanico and Friedler, 1999) or aquaculture (Hepher and Schroeder, 1974; Feldlite, 2002) before they are used for irrigation. These potential uses of treated effluents also require both good quality effluents and storage capacity.
Semi-intensive technologies for sewage treatment and storage
The first semi-intensive scheme in Israel was conceived by Eng. Hen Saliternic in the early nineties when he upgraded the overloaded ponds of the Kiryat-Gat town (anaerobic ponds followed by facultative ponds and wastewater reservoirs) by transforming the facultative ponds into aerated lagoons. This basic configuration proved to be successful and became popular after some improvements.
Nowadays, anaerobic ponds are designed 4-5 m deep, with a residence time of 1.5 to 3 days and a maximum organic loading of 100 g BOD/m 3 /day. Aerated lagoons are designed 4 m deep, single-cell, with a residence time of 3-5 days and low power concentration (4-6 W/m 3 ). A combination of frontal and axial aerators provides good mixing (to avoid settling and hydraulic "dead" areas) and oxygenation. Wastewater reservoirs are designed following Juanico (1999) .
How the basic configuration works
Organic matter Figure 1 shows in a schematic form the removal of organic matter in the system. Organic matter in raw sewage is in particulate (TSS -Total Suspended Solids) or dissolved form. TSS settle within the anaerobic ponds while dissolved organic matter passes to the aerated lagoons where it is partially degraded and partially transformed again in particulate matter (biomass). Thus, most organic matter passing to the reservoirs is particulate and settles in the bottom of the reservoir. A new type of organic matter is formed in the reservoirs by algae growth on available nutrients, but this "new" TSS have no relationship with the "old" sewage TSS. Actual data from a treatment plant in the Jeezrael Valley -Israel (Table 1) shows that actual behavior of the system is not so "ideal" as shown in Figure 1 : only part of the TSS settle in the anaerobic pond, and only part of the dissolved organic matter is transformed again to TSS in the aerated lagoons.
For the temperatures of the Mediterranean region, this basic configuration provides a 50% BOD removal in the anaerobic ponds and another 50% in the aerated lagoons. Thus, if raw sewage contains about 300 mg BOD/l, the effluents enter the reservoir with 75 mg BOD/l (most of it particulate). This relatively low BOD gives enough flexibility to operate the reservoirs without exceeding their maximum recommended loading (3-4 kg BOD/ha/ day). However, reservoirs with a short filling period (high hydraulic loading) may require effluents of better quality to avoid excessive organic loading. Pathogens are only slightly removed in anaerobic ponds and aerated lagoons, but high removal can be achieved in batch operated reservoirs. The reservoirs also play a key role in the removal of heavy metals (settling), detergents (biological and physico-chemical decomposition), and toxic organics (biological, physico-chemical and photolytic decomposition, adsorption, stripping and other processes) ( Table 2) . (1): Data from Juanico and Avnimelech are from two deep reservoirs in series, operated as continuous-flow reactors but with short periods of batch operation. Data by Bahri are from shallow reservoirs (2): Soils irrigated with effluents from reservoirs did no present accumulation of studied organic micro pollutants. Those irrigated with effluents from activated sludge plants presented build-up of some organic micro pollutants Sludge TSS settling in the anaerobic ponds undergo anaerobic digestion in the bottom. Sludge digestion determines that only a fraction of the settled sludge actually accumulates in the pond. Anaerobic ponds require desludging when they are 1/4 to 1/3 full of sludge (by volume). The sludge removed from these ponds is then discharged in the bottom of the wastewater reservoirs where they are digested to total mineralization. Sludge from aerated lagoons also settles in the reservoirs where they are digested to total mineralization. Data from numerous reservoirs and theoretical models indicate that the sludge layer in the bottom of the reservoirs does no grow beyond ca 30 cm even in heavily loaded reservoirs (Avnimelech, 1989; Friedler et al., 2003) . The system as a whole does not release sludge.
Variations of the basic configuration
Several variations of the basic configuration can be developed to match the requirements of specific projects. One variation for heavily loaded sewage (600-1,000 mg BOD/l) may require anaerobic ponds with longer residence times and/or two aerated lagoons in series. Another variation to provide effluents of two different qualities may require additional units. For example, Figure 2 and Table 3 present the lay-out and performance of the treatment and storage plant of the town of Ben Slimane in Morocco. The addition of facultative ponds between the aerated lagoons and the reservoirs provided effluents of medium quality for crop irrigation or release to a polluted stream , and effluents of very high quality for golf course irrigation.
In large schemes, aerated lagoons can be substituted for low-rate trickling filters to save in land, construction costs and operational costs (energy) (Figure 3 ). • Use less energy than intensive technologies (lower operational costs).
• Use less land than extensive technologies (easier location of the treatment plant, less water losses by evaporation, less salinization of the effluents).
• Can remove:
• as much BOD as the intensive ones • as much pathogens and refractory pollutants as the extensive ones.
• Release no or negligible amounts of sludge.
• Release effluents that can comply with different quality requirements in a reliable way. 
